Eggplant (Solanum melongena L.) plantlets infected with vesicular-arbuscular mycorrhizal (VAM) fungus (Glomus etunicatum and Gigaspora margarita) were transplanted to a field contaminated with Verticillium dahliae to investigate the disease tolerance of a VAM fungus-infected plant.
Introduction
Vesicular-arbuscular mycorrhizal (VAM) fungus has the effect of promoting host plant growth mainly by enhancing mineral uptake through symbiosis in plant roots (Marschner and Dell, 1994; Raju et al., 1990) . Many reports have been presented on the enhancing effect of VAM fungus-infection on host plant growth, but few reported on its role in controlling soil-borne disease. Reducing disease incidence through VAM fungus-plant symbiosis was reported in soy bean (Zambolium and Schenck, 1983) , cotton (Schonbeck and Dehn, 1977) , sweet orange (Davis and Menge, 1981) , tomato (Caron et al., 1985) , and cucumber (Kobayashi, 1992) , etc; however, these experiments were carried out in a greenhouse, and not under field conditions. Verticillium wilt caused by Verticillium dahliae is an important problem in eggplant cultivation (Sakata et al., 1992) . It is difficult to control the disease because neither a resistant rootstock nor an effective agrochemical has been developed. Matsubara et al. (1994) (Fig. 4) . VAM fungus-infected plants gave a large yield of fruits Fig. 1 . Changes in the rate of VAM fungus-infected portions in a whole root system of eggplant.
, inoculated with Glomus etunicatum (1000 spores/g inoculum);
, inoculated with Gigaspora margarita (100 spores/g inoculum). Vertical bars represent standard errors. (Table 2) . VAM fungus infection occurred in the thirdly branched roots. VAM fungus hyphae and arbuscules (symbiotic organs performing nutrient exchange between host and fungus) were observed in the root tissue; fungi (including both Verticillium dahliae and other indigenous microbes) in the soil did not infect the root portion which VAM fungus had infected (Fig. 5) .
Lignin (stained with a reagent consisting of phloroglucinol and HCl) accumulated in the firstly and secondly branched roots more richly in VAM Table 2 . Effect of VAM fungus infection on fruit yields of eggplant (Solomon melongena L. cv.
Senryoh 2 goh)z. •¬,p lants wilted in half of above-ground part;
•¬,p lants wilted and died in all of above-ground part. fungus-infected plants than in noninoculated plants (Fig. 6 ). Under TEM, the secondary cell wall (containing lignin) of cortical cells in the thirdly branched roots was clearly thicker in VAM fungus-infected plants than in noninoculated plants (Fig. 7) .
Discussion
Under field conditions, the growth of eggplant was enhanced through host-fungus symbiosis. We ascertained that this growth enhancement was caused partially by promoting mineral nutrients (phosphorus in particular) uptake through VAM fungus infection (data not shown). In VAM fungus -infected plants , vegetative growth is considered to he accelerated more intensively than reproductive growth, because the primary flowers bloom later in VAM fungus-infected plants than noninoculated plants. On the other hand, VAM fungus-infected (1) Firstly branched root tissue of noninoculated plant. (1) Noninoculated, plants gave a larger yield of fruits that is caused to some extent by the delay and reduction of the verticillium wilt attack. In the supplementary experiment, the large yield of fruits was also noted in VAM fungus-infected plants raised in a field free of Verticillium dahliae.
In our experiment, we could not determine how the increase in mineral nutrient content in the host plant is associated with the low incidence of verticillium wilt. However, we found histologically that VAM fungus infection-promoted lignification in root cortical cells which might suppress Verticillium dahliae infection. From this experiment alone, it is difficult to estimate whether lignification is promoted by enhancing mineral nutrients uptake through VAM fungus infection. Davis and Menge (1981) reported that, in citrus, the degree of suppressing an incidence of Phytophthora parasitica disease through VAM fungus inoculation differed among VAM fungus species. Our experiment produced a similar result. In other experiments, it was reported that the degree of suppression of disease incidence was influenced by cultivars of the host plant (Davis and Menge, 1981) , phosphorus content in the soil (Caron et al., 1985; Daft and Okusanya, 1973; Davis and Menge, 1980) 
